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Review Questions

* Why context analysis is not performed in parsing stage?
Parsing relies on CFG, which is context free.

* Give some examples of semantic analysis.
Def-before-use, no redefinition, same type, scoping ...

 What is Syntax Directed Translation?
The parsing process and parse trees are to direct semantic analysis

and the translation of the program (a.k.a., CFG-driven translation)

* How to augment grammar for semantic analysis?
Semantic attributes for symbols, rules/actions for productions

* What are SDD and SDT?
SDD = Syntax Directed Definitions, SDT = SD Translation Schemes

* What is an synthesized attribute?
Defined by attribute values of node N’s children and N itself
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Example: Synthesized Attribute (cont.)

SDD: ’L
Production Rules | Semantic Rules Eval = 19
(1) L->E print(E.val)
(2)E->E; +T E.val = E,.val + T.val
(3) E->T E.val = T.val E.val = 15 + Tval=4
(4)T->T, *F T.val =T,.val x F.val
(5) T->F T.val = F.val
(6) F-> (E.). F.val = E:V?/ T.val = 15 F.val=4
(7) F -> digit F.val = digit./lexval /\
Input: T.val =3 * F.val =5 digit.lexval = 4
3*5+4
F.val=3 digit./lexval =5
digit.lexval = 3 (
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https://www.icourse163.org/learn/HIT-1002123007

Example: Synthesized Attribute (cont.)

SDD: ’L
Production Rules | Semantic Rules Eval = 19
(1) L->E print(E.val)
(2)E->E; +T E.val = E,.val + T.val
(3) E->T E.val = T.val E.val = 15 + Tval=4
(4)T->T, *F T.val =T,.val x F.val
(5) T->F T.val = F.val
(6) F-> (E) . F.val = EVCI/ T.val = 15 F.vgl = 4
(7) F -> digit F.val = digit./lexval T
/\ i
|
Input: T.val =3 * F.va/i 5 digit.lexval = 4
3*%5+4 :
|
F.val=3 digit./lexval =5
T
|
|
digit./exval = 3 r
https://www%course163.org/learn/HIT—1002123007 QNELZ
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Example: Synthesized Attribute (cont.)

SDD: ’L
Production Rules | Semantic Rules Eval = 19
(1) L->E print(E.val)
(2)E->E; +T E.val = E,.val + T.val
(3) E->T E.val = T.val E.val = 15 + Tval=4
(4)T->T,*F T.val = T,.val x F.val a
(5) T->F T.val = F.val :
(6) F-> (E) . F.val = EVCI/ T.val = 15 F.vgl = 4
(7) F -> digit F.val = digit./lexval T
/\ i
|
Input: T.Va/A= 3 * F.va/i 5 digit./lexval = 4
3*¥5+4 | :
| |
F.val=3 digit./lexval =5
f
|
|
digit.lexval = 3 (
https://www%course163.org/learn/HIT—1002123007 QNELZ
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Example: Synthesized Attribute (cont.)

SDD: ’L
Production Rules | Semantic Rules E val = 19
(1) L->E print(E.val)
(2)E->E; +T E.val = E,.val + T.val
(3) E->T E.val = T.val E.val = 15 + Tval=4
(4)T->T, *F T.val =T,.val x F.val 1‘
(5) T->F T.val = F.val :
(6) F-> (E) . F.val = EVGI T.val = 15 F.vgl = 4
(7) F -> digit F.val = digit.lexval > N T
P -7 : 3 >~ |
P [ |
Input: T.vaIA= 3 * F.va/i 5 digit.lexval = 4
3*¥5+4 | :
| |
F.val=3 digit./lexval =5
f
|
|
digit.lexval = 3 r
https://www%course163.0rg/|earn/HIT—1002123007 QNELZ
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Example: Synthesized Attribute (cont.)

SDD: ’L
Production Rules | Semantic Rules E val = 19
(1) L->E print(E.val)
(2)E->E; +T E.val = E,.val + T.val
(3) E->T E.val = T.val E.val = 15 + Tval=4
(4)T->T, *F T.val =T,.val x F.val ? 1‘
(5) T->F T.val = F.val | !
|
(6) F-> (E) . F.val = EVGI T.val = 15 F.vgl = 4
(7) F -> digit F.val = digit.lexval > N T
g - : ~2 z~ I
P [ |
Input: T.vaIA= 3 * F.va/i 5 digit.lexval = 4
3*¥5+4 | :
| |
F.val=3 digit./lexval =5
f
|
|
digit.lexval = 3 r
https://www%course163.0rg/|earn/HIT—1002123007 QNELZ
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Example: Synthesized Attribute (cont.)

SDD: ’L
Production Rules | Semantic Rules E val = 19
(1) L->E print(E.val) N
(2) E -> El + T EVCI/ = Elval + TVG/ _ - -~ | NG S o
(3) E->T E.val = T.val E.val 2,1’5’ +: Tval=4
(4)T->T, *F T.val =T,.val x F.val ? 1‘
(5) T->F T.val = F.val | !
_ |
(6) F-> (E) . F.val = EVGI T.val = 15 F.vgl = 4
(7) F -> digit F.val = digit.lexval > N T
P -7 : 3 >~ |
e I I
Input: T.vaIA= 3 * F.va/i 5 digit.lexval = 4
3*¥5+4 | :
| |
F.val=3 digit./lexval =5
f
|
|
digit.lexval = 3 r
https://www%course163.0rg/|earn/HIT—1002123007 QNELZ
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Example: Synthesized Attribute (cont.)

SDD: L?

. . I
Production Rules | Semantic Rules Eval = 19
(1) L->E print(E.val) R
(2)E->E, +T E.val = E;.val + T.val s5ad I
(3) E->T E.val = T.val E.val 2,1’5’ +:
(4)T->T, *F T.val =T,.val x F.val ?

(5) T->F T.val = F.val |
(6) F -> (E) F.val = E.val Tval= 15
(7) F -> digit F.val = digit./lexval > N\
- I
Input: T.val =3 *
A A
3*5+4 : !
| |
F.val=3 digit./exval =5
T
|

digit.lexvlal =3

https://www.icourse163.org/learn/HIT-1002123007

F.val =5 digit.lexval = 4
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Example: Synthesized Attribute (cont.)

SDD: Side effect (BI1EH) LT
Production Rules | Semantic Rules E Va/:: 19

(1)L->E Corint(E.val) e
(2)E->E, +T E.val=E,.val + T.val /ﬂ'\
(3) E->T E.val = T.val E.val 2,1’5’ +:
(4)T->T, *F T.val =T,.val x F.val ?
(5) T->F T.val = F.val |
(6) F -> (E) F.val = E.val Tval= 15
(7) F -> digit F.val = digit./lexval > N\
- I

Input: T.val=3 *

A A
3*¥5+4 | |

| |

F.val=3 digit./exval =5
T
|

digit.lexvlal =3

https://www.icourse163.org/learn/HIT-1002123007

F.val =5 digit.lexval = 4
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Example: Synthesized Attribute (cont.)

SDD: Side effect (EI|1EH) "7
. . I
Production Rules /S/em.an.tu;&les Eval = 19
(1) L->E W s
(2)E->E, +T E.val=E,.val + T.val /z’TI\
(3) E->T E.val = T.val E.val 2,1’5’ +: T.val =4
(4)T->T,*F T.val = T,.val x F.val A a
(5) T->F T.val = F.val | |
|
(6) F-> (E) . F.val = EVCI/ T.val = 15 F.val = 4
(7) F -> digit F.val = digit./lexval > N\ T
Phe -7 : ~3 Z~ |
Phe [ |
Input: T.Va/A= 3 * F.Va/i 5 digit./lexval = 4
3*5+4 | |
| |
F.val=3 digit./exval =5
A
. Annotated parse tree (FRyF 77 HT )
L] . I
digit./exval = 3 M‘ELZ

https://www.icourse163.org/learn/HIT-1002123007
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Example: Inherited Attribute[4k %)

SDD:

Production Rules | Semantic Rules
(1)D->TL il = Tiyoe T has synthesized attribute type
(2) T ->int T.type = int L has inherited attribute inh
(3) T -> float T.type = float
(4) L->L,,id L,.inh = L.inh
addtype(id.entry, L.inh)
(5) L->id addtype(id.entry, L.inh)

Variable declaration of type int/float followed by a list of IDs:
(1) Declaration: a type T followed by a list of L identifiers

) Evaluate the synthesized attribute T.type (int)

) Evaluate the synthesized attribute T.type (float)

(4) Pass down type, and add type to symbol table entry for the identifier
) Add type to symbol table

4 Nk
https://www.icourse163.org/learn/HIT-1002123007 w&
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Example: Inherited Attribute[4k %)

SDD:

Production Rules | Semantic Rules

(1)D->TL L inhi= T.oype T has synthesized attribute type
(2) T->int T.type = int L has inherited attribute inh

(3) T -> float T.type = float

(4) L->L,, id L,.inh = L.inh Pointing to a symbol-table[#7 53] object
addtyp Linh)
(5) L->id addtype(idremntry, L.inh)

Variable declaration of type int/float followed by a list of IDs:
(1) Declaration: a type T followed by a list of L identifiers

) Evaluate the synthesized attribute T.type (int)

) Evaluate the synthesized attribute T.type (float)

(4) Pass down type, and add type to symbol table entry for the identifier
) Add type to symbol table

4 i
https://www.icourse163.org/learn/HIT-1002123007 Ui
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Example: Inherited Attribute (cont.)

SDD: D
Production Rules | Semantic Rules /\

(1)D->TL Ll = Ty T.type = float L.inh = float
(2) T->int T.type = int /‘\
(3) T -> float T.type = float float L.inh=float , id.lexeme =c
addtype(id.entry, L.inh) /]\
(5) L->id addtype(id.entry, L.inh) Linh = float  id.lexeme = b
Input: id.lexeme = a
float a, b, c

> Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Example: Inherited Attribute (cont.)

SDD:
Production Rules | Semantic Rules /\

(1)D->TL L = e T.type = float L.inh = float
(2) T->int T.type = int /‘\
(3) T ->float T-type = float float L.inh=float , id.lexeme=c
addtype(id.entry, L.inh) /]\
(5) L->id addtype(id.entry, L.inh) Linh = float + id.lexeme = b
Input: id.lexeme = a
float a, b, c

> Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Example: Inherited Attribute (cont.)

SDD:
Production Rules | Semantic Rules /\

(1)D->TL L = e T.type = float L.inh = float
(2) T->int T.type = int /‘\
(3) T ->float T-type = float float L.inh=float , id.lexeme=c
addtype(id.entry, L.inh) /]\
(5) L->id addtype(id.entry, L.inh) Linh = float + id.lexeme = b
Input: id.lexeme = a
float a, b, c

> Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Example: Inherited Attribute (cont.)

SDD:
Production Rules | Semantic Rules /\

(1)D->TL L = e T.type = float L.inh = float
(2) T->int T.type = int /‘\
(3) T ->float T-type = float float L.inh=float , id.lexeme=c
(4) L -> Lll |d L]_Inh = Llnh s
addtype(id.entry, L.inh) k,/

(5) L->id addtype(id.entry, L.inh) Linh = float + id.lexeme = b

Input: id.lexeme = a

float a, b, c

” Dyid:

https://www.icourse163.org/learn/HIT-1002123007
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Example: Inherited Attribute (cont.)

SDD:
Production Rules | Semantic Rules /\

(1)D->TL L = e T.type = float L.inh = float
(2) T->int T.type = int /‘\
(3) T ->float T-type = float float L.inh=float , id.lexeme=c
(4) L -> Lll |d L]_Inh = Llnh s
addtype(id.entry, L.inh) k,/

(5) L->id addtype(id.entry, L.inh) Linh = float + id.lexeme = b

Input: id.lexeme = a

float a, b, c

type depends on child
inh depends on sibling or parent

> Dhige

https://www.icourse163.org/learn/HIT-1002123007
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The Concepts

 Side effect[=/|1F ]
- —MEMHEETTE (R T RMEEECE =T AN TR
- f4n. code generation, print results, modify symbol table ...

e Attribute grammar[)E M4 1]
- —/MxAEIEHFISDD
— The rules define the value of an attribute purely in terms of the
value of other attributes and constants[J& 1 S22z 1A A A i 1

HoAth g AR AN =K 8 XN @ PR AE]
* Annotated parse-tree[F5iF: 2 Hr 4]
= RN AR R AR I A A R
o A parse tree showing the value(s) of its attribute(s)
- a.k.a., attribute parse tree[Jg 7> 14
— Can also have actions being annotated [t Bl #R7F 15 X 3h1E]

@tuxs IR



Dependence Graph(#isi &

* Dependence relationship[# i< F]

— Before evaluating an attribute at a node of a parse tree, we
must evaluate all attributes it depends on[& BB & i 11 5]

* Dependency graph[{# i 4]

— While the annotated parse tree shows the values of attributes,
a dependency graph helps determine how those values can be
computed[#&#i B P € & HAE B i)

— Depicts the flow of info among the attribute instances in a
particular parse tree[##i%: | 7 i 1 J& 1415 S

o Directed graph where edges are dependence relationships between
attributes

o For each parse-tree node X, there’s a graph node for each attr of X

o If attr X.a depends on attr Y.b, then there’s one directed edge from Y.b
to X.a

: } P



Example: Dependency Graph

SDD: D
Production Rules | Semantic Rules /\
(1)D->TL Linh = T.type T L
(2) T->int T.type = int /I\
(3) T -> float T.type = float float L ’ id
(4)L->L,,id L,.inh = L.inh
addtype(id.entry, L.inh) /]\

(5) L->id addtype(id.entry, L.inh) 1 , i

Input: id

floata, b, c

‘entry’ is dummy attribute for the addtype()

8 Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Example: Dependency Graph

SDD:

Production Rules | Semantic Rules

(1) D->TL L.inh = T.type

(2) T->int T.type = int

(3) T -> float T.type = float

addtype(id.entry, L.inh)

(5) L->id addtype(id.entry, L.inh)
Input:

float a, b, c

P

T type |nh L entry
m
exeme
float |nh Lentry ,
/’ ‘-\
'’ T
inh pentry , id lexeme
N —
0
|
|
id lexeme

‘entry’ is dummy attribute for the addtype()

»m?

https://www.icourse163.org/learn/HIT-1002123007
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Evaluation Order[jg 44 i+ & 5T

* Ordering the evaluation of attributes[i1 5 Jlii/7]

- Dependency graph characterizes possible orders in which we
can evaluate the attributes at the various nodes of a parse-tree

* If the graph has an edge from node M to node N, then the

attribute associated with M must be evaluated before N|
FH B Y320 R A 5 T P ]

— Thus, the only allowable orders of evaluation are those
sequences of nodes N;, N, ..., N, such that if there is an edge of
the graph from N;to N, then i < |

— Such an ordering embeds a directed graph into a linear order,
and is called a topological sort[45 M F/77] of the graph

o If there’s any cycle in the graph, then there are no topological sorts, i.e.,
no way to evaluate the SDD on this parse tree

o If there are no cycles, then there is always at least one topological sort

: } P




Example: Evaluation Order

SDD:
Production Rules | Semantic Rules /\h t
T type inh L entry
(1) D->TL L.inh = T.type yP
(2) T->int T.type = int /7\
(3) T -> float Ttype = float float |nh L entry , d|exem(
(4) L->L,, id L,.inh = L.inh ISR
addtype(id.lexeme, L.inh) | .-~ B -
(5)L->id addtype(id.lexeme, L.inh) |inh entry id lexeme
~—
|
|
|
Input: id lexeme
float a, b, c
10 Dyid:

https://www.icourse163.org/learn/HIT-1002123007
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Example: Evaluation Order

SDD:
Production Rules | Semantic Rules /} try 6
tvpe inh L entry
(1)D->TL L.inh = T.type T yp -
(2) T->int T.type = int /7\
(3) T ->float T.type = float float 7 |nh L entry 8, |d|exeme
(4) L-> Ly, id L,.inh = L.inh LT e 3
addtype(id.lexeme, L.inh) | .-~ B -
(5)L->id addtype(id.lexeme, L.inh) |inh | entry id lexeme
> =% 2
9 * 10
|
|
Input: id lexeme
1
floata, b, c
10 Dhid:

https://www.icourse163.org/learn/HIT-1002123007
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Example: Evaluation Order

SDD:
Production Rules | Semantic Rules /\
: T type 5 |nh L entry 6
(1) D->TL L.inh = T.type
(2) T->int T.type = int /7\
(3) T ->float T.type = float float 7 |nh L entry 8, |d|exeme
(4)L->L,, id L,.inh = L.inh ISR 3
addtype(id.lexeme, L.inh) | .-~ B -
(5)L->id addtype(id.lexeme, L.inh) |inh entry id lexeme
1% 2
9 r 10
|
|
Input: id lexeme
1
float a, b, c

Topological sort:
1,2,3,4,5,6,7,8,9, 10

o Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Example: Evaluation Order

SDD:
Production Rules | Semantic Rules /\
: T type 5 |nh L entry 6
(1) D->TL L.inh = T.type
(2) T->int T.type = int /7\
(3) T ->float T.type = float float 7 |nh L entry 8, |d|exeme
(4)L->L,, id L,.inh = L.inh ISR 3
addtype(id.lexeme, L.inh) | .-~ B -
(5)L->id addtype(id.lexeme, L.inh) |inh entry id lexeme
1% 2
9 r 10
|
|
Input: id lexeme
1
float a, b, c

Topological sort:
1,2,3,4,5,6,7,8,9,10

10 Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Example: Evaluation Order

SDD:
Production Rules | Semantic Rules /\
: T type 5 |nh L entry 6
(1) D->TL L.inh = T.type
(2) T->int T.type = int /7\
(3) T ->float T.type = float float 7 |nh L entry 8, |d|exeme
(4)L->L,, id L,.inh = L.inh ISR 3
addtype(id.lexeme, L.inh) | .-~ B -
(5)L->id addtype(id.lexeme, L.inh) |inh entry id lexeme
1% 2
9 r 10
|
|
Input: id lexeme
1
float a, b, c

Topological sort:

(- —>

'1234567'8910

_— e - . . - -——

10 Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Example: Evaluation Order

SDD:
Production Rules | Semantic Rules /} trv 6
tvoe in entry
(1)D->TL L.inh = T.type T yp -
(2) T->int T.type = int /7\
(3) T ->float T.type = float float 7 |nh L entry 8, |d|exeme
(4) L-> Ly, id L,.inh = L.inh LT e 3
addtype(id.lexeme, L.inh) | .-~ B -
(5)L->id addtype(id.lexeme, L.inh) |inh | entry id lexeme
> — % 2
g r 10
|
|
Input: id [exeme
1
float a, b, c

Togologlcal sort:

(T->™M"->

'1234567'.89'10

_— e - . . - - - - am - -

10 Dhige

https://www.icourse163.org/learn/HIT-1002123007
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Evaluation Order (cont.)

* Before evaluating an attribute at a node of a parse tree,
we must evaluate all attributes it depends on[{K#io< 5]

- Synthesized: evaluate children first, then the node itself
o Any bottom-up order is fine

— For SDD’s with both inherited and synthesized attributes,
there’s no guarantee that there is even one evaluation order

e Difficult to determine whether exist any circularities[dF %

RERH RE 2 13 TR HCH]

— But, there are useful subclasses of SDD’s that are sufficient to
guarantee that an evaluation order exists

o Such classes do not permit graphs with cycles @

A.s

Production Semantic Rules < >
A->B A.s = B.i; 9 .
! B.i

B.i=A.s+1;

MH“‘




S-Attributed Definitions[s-J&: & X

* An SDD is S-attributed if every attribute is synthesized[ X
HAE 55 E M)

* If an SDD is S-attributed (S-SDD)

— We can evaluate its attributes in any bottom-up order of the
nodes of the parse-tree[{£fi B Ji [A] L {7 o 5 Jg PR AE]

— Can be implemented during bottom-up parsing[LR/ #t # 5L T

Production Rules | Semantic Rules
(1)L->E print(E.val)
(2JE->E +T E.val = E,.val + T.val
(3)E->T E.val = T.val
(4)T->T, *F T.val = T,.val x F.val
(5)T->F T.val = F.val

(6) F-> (E) F.val = E.val

(7) F -> digit F.val = digit.lexval

g:
https://www.icourse163.org/learn/HIT-1002123007 4
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L-Attributed Definitions|L-Jg4: & X

* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[{&i B 134 X g A2 B ]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->
X:X,...X,,, the inherited attribute X..a only depends on

o Inherited attributes associated with A
o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']

MG“‘




L-Attributed Definitions|L-Jg4: & X

* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[##i &l rid H e W2 214]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->

X:X,...X,,, the inherited attribute X..a only depends on
Why not synthesized?

o Inherited attributes associated with A
o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']

MH“‘




L-Attributed Definitions|L-Jg4: & X

* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[##i &l rid H e W2 214]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->

X1X,...X,,, the inherited attribute X..a only depends on

. . : : Why not synthesized?
o Inherited attributes associated with A ¢ o x depends on A, A.s depends on X,

o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']
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* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[##i &l rid H e W2 214]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->

X:X,...X,,, the inherited attribute X..a only depends on

. . : : Why not synthesized?
o Inherited attributes associated with A ¢ o x depends on A, A.s depends on X,

o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']

Production Rules | Semantic Rules

A->BC A.s=B.b
B.i = f(C.c, A.s)

MH“‘
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* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[##i &l rid H e W2 214]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->

X1X,...X,,, the inherited attribute X..a only depends on

. . : : Why not synthesized?
o Inherited attributes associated with A ¢ o x depends on A, A.s depends on X,

o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']

Production Rules | Semantic Rules

S-SDD or L-SDD? |A->BC A.s=B.b
B.i=f(C.c, A.s)
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* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[##i &l rid H e W2 214]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->

X1X,...X,,, the inherited attribute X..a only depends on

. . : : Why not synthesized?
o Inherited attributes associated with A ¢ o x depends on A, A.s depends on X,

o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']

Production Rules | Semantic Rules

S-SDD or L-SDD? |A->BC A.s=B.b
(B.7)% fc.c, As)
Not S-SDD: B.iisinh ——
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* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[##i &l rid H e W2 214]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->

X1X,...X,,, the inherited attribute X..a only depends on

. . : : Why not synthesized?
o Inherited attributes associated with A ¢ o x depends on A, A.s depends on X,

o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']

Production Rules | Semantic Rules

S-SDD or L-SDD? |A->BC A.s=B.b
(/@: @A.s)
Not S-SDD: B.iisinh —— ., —

Not L-SDD: Cis right to B M’ELZ
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* An SDD is L-attributed (L-SDD) if

- Between the attributes associated with a production body,
dependency-graph edges can go from left to right, but not from

right to left[##i &l rid H e W2 214]

— More precisely: each attribute must be either synthesized, or
inherited but with the rules limited as follows: suppose A ->

X1X,...X,,, the inherited attribute X..a only depends on

. . : : Why not synthesized?
o Inherited attributes associated with A ¢ o x depends on A, A.s depends on X,

o Either syn or inh attributes of X, X,, ..., X._; located to the left of X,

o Either syn or inh attributes of X itself, but no cycles formed by the
attributes of this X;

e Can be implemented during top-down parsing[LL#TH']

Production Rules | Semantic Rules

S-SDD or L-SDD? |A->BC A.s=B.b Not L-SDD: A.s is syn attr
(B (cohs)
Not S-SDD: B.iisinh —~—35 — —

Not L-SDD: Cis right to B M’ELZ



Syntax Directed Trans. Impl. [z

* Learnt how to specify translation: SDD and SDT[x€ X]

— SDT is an executable specification of the SDD
o CFG with semantic actions embedded in production bodies

 SDT can be implemented in two ways[ E &Sz
— Using a parse tree or AST[J& T 54 2 i 20 #]

o First build a parse tree, and then apply rules or actions at each node
while traversing the tree

o All SDDs (without cycles) and SDTs can be implemented
e Since the tree can be traversed freely, implements any ordering
— During parsing, without building a parse tree[i& %2 #rid f& 4]
o Apply rules or actions at each production while parsing

o Only a subset of SDDs and SDTS can be implemented
* Evaluation ordering restricted to parser derivation order

14 B




Syntax Directed Trans. Impl. (cont.)

 Typically, SDD (i.e., semantic analysis) is implemented
during parsing[ 5 N %]
— Allows compiler to skip parse tree generation
— Saves time and memory

« Two important classes of SDD’s[# > 5 12K

- SDD is S-attributed, the underlying grammar is LR-parsable
- SDD is L-attributed, the underlying grammar is LL-parsable

— For both classes, semantic rules in an SDD can be converted
into an SDT with actions that are executed at the right time[ 7t iF
SDD3ISDT i #44]

o During parsing, an action in a production body is executed as soon as all
the grammar symbols to the left of the action have been matched

: } P




== |[mplement S-SDD ==

* Convert S-attributed SDD to SDT by[SDD->SDT [/ %% #4]

— Placing each action at the end of the production[&&1NE )1k
AR A P~ A ) B A ]

— SDTs with all actions at the right ends of the production bodies
are called postfix SDT’s|[ )5 4%/ & #SDT]

S-SDD
Production Rules | Semantic Rules
(1)L->E print (E.val)
(2JE->E +T E.val = E,.val + T.val
(3)E->T E.val = T.val
(4)T->T, *F T.val = T,.val x F.val
(5)T->F T.val = F.val
(6) F-> (E) F.val = E.val
(7) F -> digit F.val = digit.lexval

"HLZ
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== |[mplement S-SDD ==

* Convert S-attributed SDD to SDT by[SDD->SDT [/ %% #4]

— Placing each action at the end of the production[&&1NE )1k
AR A P~ A ) B A ]

— SDTs with all actions at the right ends of the production bodies
are called postfix SDT’s|[ )5 4%/ & #SDT]

S-SDD SDT
Production Rules | Semantic Rules CFG with actions
(1)L->E print (E.val) (1) L-> E { print (E.val) }
(2JE->E +T E.val = E,.val + T.val (2) E->E; +T{E.val=E,.val + T.val }
(3)E->T E.val = T.val (3) E->T {E.val =T.val }
(4)T->T, *F T.val = T,.val x F.val (4) T->T, *F{T.val =T,.val x F.val }
(5)T->F T.val = F.val (5) T->F{T.val = Fval }
(6) F-> (E) F.val = E.val (6) F->(E) { F.val = E.val }
(7) F -> digit F.val = digit./lexval (7) F -> digit { F.val = digit./lexval }

"HLZ
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Im

olement S-SDD (cont.)

* |ft

ne underlying grammar of S-SDD is LR parsable
Then the SDT can be implemented during LR parsing

* Implement the converted SDT by[{&B)H 25280 ]

Executing the action along with the reduction of head <- body

SDT SLR Automaton

CFG with actions gi_jgr = E::;‘?;T

(1) L-> E { print (E.val) } =

(2)E->E,+T{E.val =E,.val + T.val } o |, ,T:T -

(3) E->T{E.val =T.val } - ( GT_”F

(4) T->T, *F{T.val=T,.val x F.val } ! L‘ gj};g,

(5) T->F{T.val = Fval } Foo—E=

(6) F -> (E) { F.val = E.val } %p}}

(7) F -> digit { F.val = digit./lexval }

L Dhige
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Extend LR Parse Stack[¥ &4 #7148

 Save synthesized attributes into the stack[#&H &~ M7E R ZE
& JEPEAE]

- Place the attributes along with the grammar symbols (or LR
states that associated with these symbols) in records on stack

— If there are multiple attributes

o Make the records large enough or by putting pointers to records on the
stack[#Rid k2K, Bk id K AEBITRE]

* Example: A -> XYZ {action}
- X, Y, z are attributes of X, Y, Z respectively
— After the action, A and its attributes are at the top (i.e., m-2)

state > S
symbol S

18 Dhige
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Extend LR Parse Stack[¥ &4 #7148

 Save synthesized attributes into the stack[#&H &~ M7E R ZE
& JEPEAE]

- Place the attributes along with the grammar symbols (or LR
states that associated with these symbols) in records on stack

— If there are multiple attributes

o Make the records large enough or by putting pointers to records on the
stack[#Rid k2K, Bk id K AEBITRE]

* Example: A -> XYZ {action}
- X, Y, z are attributes of X, Y, Z respectively
— After the action, A and its attributes are at the top (i.e., m-2)

state > S
symbol S
attribute

18 IR
https://www.icourse163.org/learn/HIT-1002123007
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Extend LR Parse Stack[¥ &4 #7148

 Save synthesized attributes into the stack[#&H &~ M7E R ZE
& JEPEAE]

- Place the attributes along with the grammar symbols (or LR
states that associated with these symbols) in records on stack

— If there are multiple attributes

o Make the records large enough or by putting pointers to records on the
stack[#Rid k2K, Bk id K AEBITRE]

* Example: A -> XYZ {action}
- X, Y, z are attributes of X, Y, Z respectively
— After the action, A and its attributes are at the top (i.e., m-2)

state SO Sm_2 Sm-l Sm
symbol S . X Y /
attribute » - - XX Yy Zz

18 Dhige
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Extend LR Parse Stack[¥ &4 #7148

 Save synthesized attributes into the stack[#&H &~ M7E R ZE
& JEPEAE]

- Place the attributes along with the grammar symbols (or LR
states that associated with these symbols) in records on stack

— If there are multiple attributes

o Make the records large enough or by putting pointers to records on the
stack[#Rid k2K, Bk id K AEBITRE]

* Example: A -> XYZ {action}
- X, Y, z are attributes of X, Y, Z respectively
— After the action, A and its attributes are at the top (i.e., m-2)

state SO Sm-2 Sm-]_ Sm
symbol S - X Y Z

attnbute - ces X.X Y.y Z Z
f

top

18 Dhige
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Extend LR Parse Stack[¥ &4 #7148

 Save synthesized attributes into the stack[#&H &~ M7E R ZE
& JEPEAE]

- Place the attributes along with the grammar symbols (or LR
states that associated with these symbols) in records on stack

— If there are multiple attributes

o Make the records large enough or by putting pointers to records on the
stack[#Rid k2K, Bk id K AEBITRE]

* Example: A -> XYZ {action}
- X, Y, z are attributes of X, Y, Z respectively
— After the action, A and its attributes are at the top (i.e., m-2)

state = Sg ' Sma2 Sma Sh state » Sg S,
symbol > S = X Y Z symbol » $ = A
attribute » - - XX Yy 7z attribute » - - A.0
f !
top top

18 Dhige
https://www.icourse163.org/learn/HIT-1002123007
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Stack Manipulation[kfiE]

* Rewrite the actions to manipulate the parser stack[i& X 3]

1E]

— The manipulation can be done automatically by the parser

T

A.a

A->XYZ{A.a="f(Xx, Yy, 2.2) } /‘\

X.x Y.y Z.Z

state So Sm-z Sm-1 Sm
symbol S - X Y /A

attnbute - . X.X Y.y Z Z
!

top

19 Dhige




Stack Manipulation[kfiE]

* Rewrite the actions to manipulate the parser stack[i& X 7

1E]

— The manipulation can be done automatically by the parser

T

stack[top-2].symbol = A
stack[top-2].val = f( stack[top-2].val, stack[top-1].val, stack[top].val )
top =top -2

A.a

A->XYZ{A.a="f(Xx, Yy, 2.2) } /‘\

X.x Y.y Z.Z

state SO Sm-z Sm.1 Sm
symbol S - X Y /A

attnbute - . X.X Y.y Z Z
!

top
@tuxs IR




Stack Manipulation[kfiE]

* Rewrite the actions to manipulate the parser stack[i& X 7

1E]

— The manipulation can be done automatically by the parser
stack[top-2].symbol = A
stack[top-2].val = f( stack[top-2].val, stack[top-1].val, stack[top].val )

top = top -2
| A.a
A->XYZ{A.a=fXx Yy, 2.2) ) /‘\

X.X Y.y .z

T

state So Sm-2 Sm-1 Sm
symbol S - X Y z

attnbute - cee X.X Y.y Z V4
f

top
@tuxs 19 IR




Stack Manipulation[kfiE]

* Rewrite the actions to manipulate the parser stack[i& X 3]

1E]

— The manipulation can be done automatically by the parser
stack[top-2].symbol = A
stack[top-2].val = f( stack[top-2].val, stack[top-1].val, stack[top].val )

top = top -2
| A.a
A->XYZ{A.a=fXx Yy, 2.2) ) /‘\

X.x Y.y Z.Z

T

state = Sg ' Sma2 Sma Sh state » Sg S,
symbol > S = X Y Z symbol » $ = A
attribute » - - XX Yy 7z attribute » - - A.0
f !
top top

:  E 19 f E
iv&m&nﬁ ﬂ& Hh LZ



Example

e Rewrite t

ne actions to manipulate the parser stack

— The manipulation can be done automatically by the parser

Productions

Semantic Rules

Semantic Actions

(1) L->E
(2) E-> E,+T

(3)E->T
(4) T ->T,*F

(5)T->F
(6) F->(E)

(7) F -> digit

print (E.val)
E.val = E,.val+T.val

E.val = T.val
T.val = T,.valxF.val

T.val = F.val
F.val = E.val

F.val = digit./lexval

{ print(stack[top].val); }
{ stack[top-2].val = stack[top-2].val + stack[top].val;
top = top -2; }

{ stack[top-2].val = stack[top-2].val x stack[top].val,
top = top -2; }

{ stack[top-2].val = stack[top-1].val,
top = top -2; }

g
https://www.icourse163.org/learn/HIT-1002123007 <4



https://www.icourse163.org/learn/HIT-1002123007

Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4

state > S
symbol ~> S
attribute ~ -

21 Dhge
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https://www.icourse163.org/learn/HIT-1002123007

Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > S
symbol ~> S
attribute ~ -

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg Ss
symbol ~> S d
attribute » - 3

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > S
symbol ~> S
attribute » - 3

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > Sg  S3
symbol + S F
attribute » - 3

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state > S
symbol ~> S
attribute » - 3

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg S,
symbol + S T
attribute » - 3

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4

state » Sg S,
symbol + S T
attribute » - 3

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg S,
symbol + S T
attribute » - 3

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
1

state » Sg S, S5
symbol + S T «
attribute » - 3 -

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4

state » Sg S, S5
symbol + S T «
attribute » - 3 -

21 Dhge
https://www.icourse163.org/learn/HIT-1002123007
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
!

state » Sg S, S5
symbol + S T «
attribute » - 3 -

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—. - ;'F
top = top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit \%

Input: 3 *5+4
!

state » 59 S, S; Se
symbol » S T *
attribute » - 3 - 5

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—» - ;“F
top =top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit ¥

Input: 3 *5+4
!

state » Sg S, S5
symbol + S T «
attribute » - 3 -

21 Dhge
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Example

Productions | Semantic Actions E'—-E

(1) L->E { print(stack[top].val); } E— -E+T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; ?—. - ;'F
top = top -2; } —®
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d
top=top-2;}
(5) T->F Is:
F— a-

(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit \%

Input: 3 *5+4
!

state » So S, S; Sy
symbol » S T * F
attribute » - 3 - 5

21 Dhge
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Example (cont.)

, E
Productions | Semantic Actions f{._, E -
(1) L->E { print(stack[top].val); } i: :?T T

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; || r—-1*F
top =top-2;}
(3)E->T F—-d
(4) T->T,*F | { stack[top-2].val = stack[top-2].val x stack[top].val; d L(’i
top=top-2;}
d

(5) T->F Is:
(6) F->(E) | {stack[top-2].val = stack[top-1].val;

top =top -2;} (
(7) F -> digit \%

Input: 3 *5+4
!

state > Sg 52 S, Sy state = S
symbol > S T * F symbol > S
attribute > - 3 - 5 attribute > -
f
top

22 Dhge
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Example (cont.)

Productions | Semantic Actions 2;*;_, E

(1)L->E { print(stack[top].val); } e

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; || r—-1*F
top = top -2; } —®

3e>1 F—-d

| (4) T->T,*F | {stack[top-2].val = stack[top-2].val x stack[top]. vaI, I d

| top=top-2;} |

eOT>F " T~~~ ~"~"~~~~""7"7"7=7="7"=7"7™"7"777 Is:

(6) F->(E) | {stack[top-2].val = stack[top-1].val; s
top = top -2; } %

(7) F-> digit

Input: 3 *5+4
!

state > Sg 52 S, Sy state = S
symbol > S T * F symbol > S
attribute > - 3 - 5 attribute > -
f
top

22 Dhge
https://www.icourse163.org/learn/HIT-1002123007
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Example (cont.)

Productions | Semantic Actions 2;*;_, E

(1)L->E { print(stack[top].val); } e

(2) E-> E+T | { stack[top-2].val = stack[top-2].val + stack[top].val; || r—-1*F
top = top -2; } —®

3e>1 F—-d

| (4) T->T,*F | {stack[top-2].val = stack[top-2].val x stack[top]. vaI, I d

| top=top-2;} |

eOT>F " T~~~ ~"~"~~~~""7"7"7=7="7"=7"7™"7"777 Is:

(6) F->(E) | {stack[top-2].val = stack[top-1].val; s
top = top -2; } %

(7) F-> digit

Input: 3 *5+4
!

state > Sg 52 S, Sy state = S
symbol > S T * F symbol > S
attribute > - 3 - 5 attribute » - 15
f
top

22 Dhge
https://www.icourse163.org/learn/HIT-1002123007
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Exa

mple (cont.)

Productions

Semantic Actions

(1)L->E
(2) E-> E+T

I (4) T -> Tl*F

B TSF -
(6) F-> (E)

(7) F-> digit

{ print(stack[top].val); }

{ stack[top-2].val = stack[top-2].val + stack[top].val;
top =top-2;}

{ stack[top-2].val = stack[top-2].val x stack[top].val; |
top=top-2;} |

{ stack[top-2].val = stack[top-1].val;
top =top -2;}

Iy
E'—-E
E— -E+T

T el

Input: 3 *5+4

f

state > Sg 52 S, Sy

symbol > S T * F
attribute » - 3 - 5

f

top
22
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state > Sp
symbol » S
attribute ~
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Exa

mple (cont.)

Productions

Semantic Actions

(1)L->E
(2) E-> E+T

I (4) T -> Tl*F

B TSF -
(6) F-> (E)

(7) F-> digit

{ print(stack[top].val); }

{ stack[top-2].val = stack[top-2].val + stack[top].val;
top =top-2;}

{ stack[top-2].val = stack[top-2].val x stack[top].val; |
top=top-2;} |

{ stack[top-2].val = stack[top-1].val;
top =top -2;}

&
y

E'—-E
E—-

Input: 3 *5+4

f

state > Sg 52 S, Sy

symbol > S T * F

attribute » -

3 - 5

f

top

22

state » So Sz
symbol » S
attribute » - 19
!
top

Nk
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